® 



EuropSisches Patentamt 
European Patent Office 
Office europ^en des brevets 




(Tj) Publication number: 0 345 644 B1 



EUROPEAN PATENT SPECIFICATION 



@ Date of publication of patent specification : 
0Z11.d4 Bulletin 94/44 



@ int a.': G11B 5/704, G11B5/64 



@ Application number : 89109937.6 
(§) Date of filing: 01.06.89 



@ Polyester film for magnetic recording media. 



@ Priority : 04.0&88 JP 138051/88 
09.06.88 JP 142419/88 
14.07.88 JP 175452ffi8 
21.07.88 JP 18236»88 
21.07.88 JP 182362^8 
08.11.88 JP 281977/88 



@ Date of publication of application : 
13.1Z89 Bulletin 89/50 



@ Publication of the grant of the patent : 
02.11.94 Bulletin 94/44 



@ Designated Contracting States : 
DE PR GB 



@ References cited : 
EP-A- 0 238 985 
EP A- 0 310 677 
US-A- 4 138 386 



Proprietor : DIAFOIL HOECHST CO., LTD 
28-10, Hongo 1-chomd 
Bunlcyo-liu Tokyo (JP) 



CO 

CO 
lO 
CO 



a. 

UJ 



@ Inventor : Salcamoto, Seiji 

1- 15-9, Ogawa 
IMachida-slii Toliyo <JP) 
Inventor : tCawagudii, Chiicakazu 
1063-14 Yamamgiwa 
AtsugUshi To Icy o (JP) 
Inventor : Meguro, Yoshio 

2- 10-3 Ogawa 

. IVlachida-stii Tolcypf<Jf?)r.>^ -- 
Inventor: Harada,'taka8lii 
23-4 Tana-cho 
IVIidori-ku 

Yokohama-«hi Kanagawa-ken (JP) 
Inventor : Taldsawa, ToshifumL 
4-39-10 Kaminoge 
Setagaya-ku Tokyo (JP) 

@ Representative : TER MEER - MOU-ER • 
STEINIMEISTER & PARTNER 
iVIauerkircheretrasse 45 
D-81679 Munchen (DE) 



Note : Within nine montiis from the publication of the mention of tfie grant of tiie European patent any 
person may give notice to the European Patent Office of oppositbn to the European patent granted. 
Notice of opposition shall be filed In a written reasoned staten^nt It shall not be deemed to have been 
nied until ttie opposition fee has been paid (Art 99(1) European patent convention). 



Jouve. 18. rue Saint4>enl$. 75001 PARIS 



C 



EP 0 345 644 B1 

Description 

BACKGROUND OF THE INVENTION 

9 The present invention relates to a polyester film which, when made into a magnetic tape, shows excellent 

electromagnetic properties, running properties and abrasion resistance. More particularly it relates to a base 
film for high-density magnetic recording media, which scarcely has scuffing and generates less abrasion dust 
during running of the tape and also enables easy cut of the magnetic tape made by using the film. 

Polyester films have excellent physical and chemical properties and are widely used in the industries. Es- 

%o pecially biaxially stretched polyethylene terephthaiate films are superior to other types of film in riatness, 
mechanical strength and dimensional stability and now are essential as base for magnetic recording media. 

On the other hand, improvements on magnetic recording media have been made rapidly in recent years, 
and this naturally has resulted in a severe requirennent for the quality of base film. For Instance, t>ase film is 
required to have a surface with a high degree of flatness for use in a magnetic tape, such as videotape, where 

15 high-density recording is made. However, as is well known, the higher the flatness of film surface, the greater 
becomes the friction between the film and the parts contacted therewith. This increases the risk of scuffing 
of the film and generation of abrasion dust to give rise to various troubles. 

For example, if abrasion dust is generated at a production stage prior to the magnetic layer coating step, 
there may take place skips of coating of the magnetic layer or deposition of abrasion dust on the magnetic 

20 layer surfece to cause an increase of frequency of dropout Also, if abrasion dust is generated in the course 
of calendering which is conducted for the purpose of flattening the magnetic layer surface, such abrasion dust 
will deposit as white powder on the calender roll surfaces to cause roughening of the magnetic layer suface 
and a deterioration in electromagnetic properties of the product Further, if abrasion resistance of the film is 
poor, abrasion dust might be generated in the tape running system within the tape deck even after made into 

29 a product such as magnetic tape to cause lowering of electromag netic properties or more frequent occurrence 
of dropout 

Recently, request is rising for the improvement of resistance to scuffing in addition to abrasion resistance 
of base film. Such a request is based on the fact that a tape may suffer scuff ing by recording elements contact 
with the tape in the course of tape dubbing or other ste ps. or the fact that generated abrasion dust causes scuff- 

30 ing to the film. Such scuff marks are not only undesirable from viewpoint of appearance of appearance but 
also tend to cause contamination of working steps or increase of dropout 

It is known that abrasion resistance and scuff resistance can be improved by incorporating inactive fine 
particles in polyester film to roughen the film surface to a proper degree. Such moderate surface roughening 
is not only helpful for improving abrasion resistance and scuff resistance but also contributes to improvement 

35 of film workability or running properties of magnetic tape using the film, but this approach can not meet with 
recent strict requirements in quality. It is necessary for well satisfying such quality requirements to increase 
the amount of fine particles blended or increase the particle sfee. but this approach tends to raise the average 
surface roughness to an excessive degree or to increase the number of coarse surface protuberances due to 
the presence of coarse particles, resulting in a deterioration in electromagnetic conversion characteristics of 

40 magnetic tape or an increase in the frequency of dropout It is quite difficult to satisfy these antinomic require- 
ments at the same time. The only known effective method is so-called back coating, where an appropriate 
coating is formed on the back side of the film (the side opposite from the magnetic layer). This method, how- 
ever, greatly increases the manufacturing cost and also involves many problems relating to film properties, 
so that this method has not been deemed practically suitable. 

45 Another important property required of the base film for magnetic recording materials to possess is easi- 

ness to slit If the base film is poor in cutting quality, when the magnetic tape is slitted into pieces of a given 
width, burrs are made at the slit end and, in some cases, the tape material may come off as powders from the 
slit end. When this phenomenon be comes more remarkable, fall-off of material In the form of powder from the 
magnetic layer may be caused, and such fallen-off powder may become a cause of dropout 

50 As a means for improving slitting quality, a method is known in whk^h the crystallinity of the film is in- 

creased. However, an increase of crystallinity leads to deterioration of abrasion resistance, so that it is prac- 
tically unsuitable to raise the crystallinity to excess. Currently, therefore, designing of base film is made by 
sacrificing the slitting quality to some extent 

Thus, it would be of great industrial significance if technk)ues were found by which it is possible to effec- 

55 tively improve, with simple means, abrasion resistance, scuff resistance and slitting quality (easiness to cut) 
of base film for magnetic recording media. 

EP-A-0 310 677 which forms part of the prtor art in the sense of Art 54(3} EPC discloses a polyester film 
containing calcium carbonate particles and silica particles. US-A-4 138 386 relates to a polyester film for mag- 
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netic tape including discrete polyester particles containg lithium, calcium and phosphorous, said particles hav- 
ing an average size in the range from 0.1 to 3.0 ^m and inert pgiments having an average size of 1.0 to 10.0 
furn. 

In view of the at>ove. the present inventors have made strenuous studies on polyester films for magnetic 
5 recording media and, as a result, found that a polyester fi Im containing certain specified fine particles has ex- 
cellent abrasion resistance, scuff resistance and cutting quality (easiness to cut). The present invention was 
accomplished on the basis of such finding. 



Sumnnary of the Invention 

10 

I n an aspect of the present invention, thdre is provided a polyester film for magnetic recording media, con- 
taining 0.05 to 5 % by weight of 6-type aluminum oxide particles or y-type aluminum oxide particles (A) having 
a Mohs hardness of 6 or above and an average particle size of 0.005 to 1.0 ^m and 0.01 to 2.0 % by weight 
of particles (B) inactive to polyester having an average partide size which is greater than that of said partid'es 
15 (A) and in the range of 0.1 to 3.0 pm. the polyester film having an intrinsic viscosity in the range of 0.52 to 
0.65, as measured in a 50/50 (by weight) mccture of phenol and tetrachloroethane at SO'^C. 

Brief Description of the Drawings 

20 Fig. 1 illustrates a tape running system for evaluating abrasion resistance. (I): 6m/mo stainless fixed pin; 

(11): tension meter, 0 = 135'. 



DETAILED DESCRIPTION OF THE INVENTION 



25 The term "polyester" used in the present specification refers to those polyesters which can be obtained 

by using an aromatic dicarboxytic acid such as terephthalic acid or 2.6-naphthalenedicarboxylic acid, or an es- 
ter thereof, and ethylene glycol as main starting materials, but the polyester may contain othermaterial as third 
component 

The dicarboxytic acids usable as a starting material in this invention include, for instance, isophthalic acid, 

30 phthalic acid. 2.6-naphthalenedicarboxylic acid, terephthalic add, adipic acid, sebacic add. These acids may 
be used either singly or in combination. The glycols usable as another starting material in this invention Indude, 
e.g. ethylene glycol, propylene glycol, butanedid, 1,4-cydohexanedimethanol, and neopentyl glycol, these be- 
ing used either singly or in combination. As the third component, an oxycarboxylic acid such as p-oxyethoxy- 
benzoic acid may be sued. It is preferable that the polyester according to this invention is the one in which 

35 80% or more of the constitutional repeating units are ethylene terephthalate units. 

The polyester of this invention may contain suitable additives such as thermal stabilizer, anti-blocking 
agent, antioxidant, coloring matter, antistatic agent or ultraviolet absorber. 

The characteristic features of the present invention reside.in the hardness of the partides blended in the 
polyester, the combined use of two or more types of partides different in partide size (diameter) from each 

40 other, and the intrinsic viscosity of the pdyester film. It has t>een known that the improvements of handling 
workability and abrasion resistance of polyester film and the improvements of running properties, wear resis- 
tance and scuff resistance of magnetic tapes made by using the polyester film could be realized by adding 
fine particles inactive to polyester. The present inventors found that greater improvements of these properties, 
especially a striking improvement of scuff resistance, could be attained by using two types of partides (A) and 

45 (B), (A) being the inactive inorganic partides having a Mohs hardness of 6 or aboye and (B) t>eing the inactive 
partides having an average partide size greater than that of (A). The present inventors further found that the 
cutting quality of magnetic tape, namely easiness of cutting magnetic tape to a given width, could be improved 
by contrdling the intrinsic viscosity of the film within the range of 0.52 to 0.65, and these findings have led to 
the attainment of the present invention. 

50 Usually, aluminum oxide can be obtained by pyrdyzing an alumina hydrate such as gibbsibe. bialite or boelv 

mite. In this case, about 10 different types of aluminum oxide differing in crystal form, i.e., a-type, p-type, y- 
type, K-type. o-type, 6-type, n-typ©. ^-type, and p-type are formed according to the type of starting material 
used and the pyrolysis conditions, especially temperature. It is also possible to obtain aluminum oxide by burn- 
ing and hydrolyzing aluminum chloride in the oxyhydrogen flames. In this case, there can t>e obtained alumi- 

55 nium oxide of different types of crystal form such as a-type. r-type or S-type. according to the conditions. 

AI203 which is preferably used in the present invention is the one that is usually obtained by a so-called 
pyrolytic method, and the particle size thereof generally ranging from at>out 0.01 |im to about 0.1 ^m in diam- 
etec A part of for example less than 30% by weight thereof, may t>e substituted with an oxide of Si, Na. 
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K or other like element In the present Invention S-type or y-type A1203 is used as the inactive inoi^anic partide 
(A). 

The particle size distribution of the inactive Inorganic particle (A) is not specifically linnited. but it is pre- 
ferred that the particle size distribution curve thereof is sharp. For instance, it is prefenred to use the particles 
5 in which the partide size distribution ratio represented by the following fbrmula: 

wherein dzs is the partide size of the partides when their cumulative weight is 25% based on their total weight, 
and d/s is the partide size of the partides when their cumulative weight is 75% based on their total weight, 
fo the cumulative weight being calculated beginning with the smallest partide size, is 2.0 or less, preferably 1.5 
or less, more preferably 1 .3 or less. 

The shape of the inactive inorganic particles (A) is also not restricted, but usually bulk or sphere is prefer- 
red. More precisely, the particle in which the volunnetric shape factor of partides represented by the following 
formula: 

IS V 

wherein V is the volume of partlda (^m^ and 0 Is maximum diameter (^m) on projected plan, is 0.1 to ic/6, 
preferably 0.2 to ^ is preferred. 

6 

20 The inactive inorganic partides (A) are also notspedficaliy limited in their specif ic surface area. The par- 

tides with an average diameter of 0.5 ^m have a specific surface area of about 6 m^/g when such partides 
are supposed to be perfectly spherical and to have a density of 2 g/cm^. In the present Inventton, It Is possible 
to use the partides ranging from such solid type to the porous ones with a specif ic surface area of about 400 
m^/g. 

26 The Inactive inorganic partides (A) may be modified In their surface by various types of surface treating 

agents. 

These surface treating agents, which are usually used for the purpose of Improving affinity for ethylene 
glycol or polyester, may be used in this invention in an amount of 5% by weight or less based on the partides. 
Typical examples of such surface treating agents usable in this inventk>n are si lane coupling agents and tita- 

30 nhjm coupling agents. 

In the present inventionjt is an essential requirement that the inactive inorganic partk:les (A) have a Mohs 
hardness of 6 or above because If the Mohs hardness of the partides Is less than 6, their effect of Improving 
scuff resistance is unsatisfactory. The mechanism of Improvement of scuff resistance by the partides with a 
high Mohs hardness Is not yet clarified. However, in view of the fact that the Improving effect Is remarkable 

35 with the partides having a higher hardness than parts with which the film contacts, it Is considered that the 
partides forming the protuberances on the film surface act to abrade the sharp sectk)ns of the film contacting 
area to reduce the risk of scuffing of the film surface. In the present Inventksn, Inactive partides (B) having a 
greater average sbie than the Inactive inorganic partides (A) of high hardness are also used. The partides (B) 
used in this inventk>n may be either inorganic or organic partkdes as far as they are inactive to polyester, but 

40 it Is espedally preferat>le to use Inorganic partk:ies of a Mohs hardness tower than that of the Inactive inorganic 
partides (A), heat-resistant polymer partides or deposited partides whbh separate out in the course of poly- 
ester preparatbn process. 

A polymeric fine powder having a high degree of crossllnking can be dted as a typical example of heat- 
resistant polymer partides usable as the inactive partides (B) in this invention. Such polymeric fine powder 

45 can be, for example, the particles of a copolymer of a monovlnyl compound (a) having only one allphatk: un- 
saturated t>ond In the molecule and a compound (b) having two or more aliphatic unsaturated bonds in the 
molecule and acting as a crossllnking agent Such a copolymer may have a group reactable with polyester. 

Examples of the compound (a) serving as a component of the oopolyn^er are acrylic add, methacryllc add 
and their methyl or glyddyl esters, maleic anhydride and Its alkyl derivatives, vinyl gtycldyl ether, vinyl acetate, 

so styrene, alkyl-substituted styrene and the like. Examples of the compound (b) are divinyl benzene, dh^lnyl sul- 
fone, ethylene glycd dimethacrylate and the like. There are used one or more of the compounds (a) and one 
or nnore of the compounds (b). Ethylene ore compound having nitrogen atoms may be copolymerized therewith. 

Typical examples of such copolymers are methyl methacrylate-divlnylbenzene copolymer, and methyl ao- 
rylate-divinyl benzene copolymer. 

ss Acrossilnked polymer having cart»xyl groups can be easily otrtalned by saponifying the above crossllnked 

polymer having alkyl ester groups or by carrying out the copolymerizatton by using methacrytb acid Instead 
of methacryllc acU ester or acrylic add Instead of acrylk: add ester. The commercially available weakly addle 
cation exchange resins have a crossllnked structure as well as cartxjxyl groups, so that they can be preferably 
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used as the heat-resistance polymer in the present invention. It is also possible to utiike a crosslinked polymer 
having alkyl ester groups which is an Intenmediate material of the resins. 

A copolymer of styrene and divinylbenzene is also preferred for use in this invention. 

The heat-resistance polymer particles may t>e porous. For forming the porous particles, generally a method 
6 is favorably employed in which a compound (c) is allowed to exist in the course of copdymerization of the conn- 
pounds <a) and {b), and after polymerization, the compound (c) is removed with an organic solvent Examples 
of the compound (c) usable here are hydrocartK>n compounds such as n-hexane. n-heptane. cydohexane, ker- 
osene, toluene and xylene, alcohol compounds such as n-butand. n-hexanol and propyl alcohol, polystyrene, 
polyvinyl alcohol, polyalkytene oxide, and the like. 
10 Copdymerization of the compounds (a} and (b) can be started by using a known chemical radical Initiator 
such as azotsobutyronttrile, benzoyl peroxide, t-butyl peroxide, cumene hydroperoxkle, etc., or by Irradiating 
ultraviolet Also, pdymerization can be initiated by simply heating the compounds. 

In any case, the copolymer must be the one which has a crosslinked structure and is also substantially 
insoluble and infusible at h^h temperatures in the course of preparation of polyeser or mdding thereof. For 
15 meeting such a requirement the crosslinked polymer needs to have a degree of crossllnking of 6 to 50%, pre- 
ferably 7 to 45%. The "degree of crosslinking" referred to herein represents the numerical value determined 
from the following formula: 

Degree of crossllnking (%) = weightofdivinyl compound ^ 

overall nwnomer weight 

20 When the thus determined value of the degree of crosslinking is less than 6%, it becomes difficult to crush 

the polymer. Even when the value exceeds 50%, there is provided no additional effect In easiness of pdymsr 
crushing and rather the density of the functional group Is reduced, resulting In a weakened force of binding 
with polyester. 

The heat-resistant polymeric fine powder usable in this invention is not limited to the above copolymers. 

25 For example, thermosetting phenolic resin, thermosetting epoxy resin, thermosetting urea resin, benzogua- 
namlne resin or fluorine resins such as pdytetrafluoroethylene Is also possible to use. 

The inactive deposited partides separating out In the reaction system, which can be used as the inacth^e 
particles (B) In the present invention, are those whbh separate out in the reactk)n syst^ in which polymerf- 
zatlon is carried out In a usual way and an alkali metal or alkali earth metal compound is used as an ester ex- 

30 change catalyst Such particles may be caused to separate out by adding terephthalic acki in the course of 
ester exchange readion or pdyoondensatk>n reactton. In these cases, one or more of phosphorus compounds 
such as phosphoric add, trimethyl phosphate, triethyl phosphate, tributyl phosphate, ackJ ethyl phosphate, 
phosphorous add, trimethyl phosphite, triethyl phosphite, tributyl phosphite and the like may be allowed to 
exist 

35 The inactive deposited partides may be also caused to separate out by the at>ove methods even when 

an esterificatk>n step is Invoh/ed In the process. For example, an alkali nr^tal or alkali earth meta\ compound 
Is introduced into the system either before or after the completton of the esterification reactkin, and then the 
polymerlzatbn reaction is carried out in the presence or at3sence of a phosphorus compound. 

In either case, at least one of such elements as caldum, lithium, antimony and phosphorus is contained 

40 in the fine compound partides separating out In the course of pdyester fomiing reaction in the present inven- 
tion. For Instance, In case of using calcium acetate as ester exchange catalyst a caldum compound composed 
of calcium terephthalate and caldum salt of a potyesteroligomer, which is supposed to have the following struc^ 
ture (1), separates out In the course of polyn>ertzatlon readion of terephthalic acM and ethylene glyod: 

45 

CaiOOC«^-CCX>-KH2CH200C-^-COCH^ Ca^ (1> 
2 2 

50 n = 0, 1, 2 or 3 

In case of additionally using a phosphorus compound in this system, it is considered that a compound sup- 
posed to have the fdlowing structural formula (2) separates out in additk>n to the compound of the above for- 
mula (1). 

55 
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Ca^ ^-OCH2CH2— (-OOC-^^-COOCH^CH^— (2) 

5 ^ 

n = 0, or an integer of 1 to 5 
m = 0 or 1 

In case of using a lithium compound instead of a calcium compound, a compound supposed to have the 
10 following structure (3) separates out in the course of poly condensation reaction. 



15 



20 



LiGOC-^^-COCM--CH2CH200C-^-CO(>)-jjI.i (3 ) 

n = 0 or an integer of 1 to 5 
In case a phosphorus compound is additionally used in this system, it is considered that a compound of 
the following structure (4) separates out in addition to the compound of the formula (3): 



Lir-0 

P-OCH^CH^— (-OOC-^^-COOCH2CH2— fjjOH ( 4 ) 

25 Da 

n = 0 or an integer of 1 to 5 
m = 0 or1 

in case of using both a calcium compound and a lithium compound in combination, It is considered that a 
30 complicate compound such as represented by the following formula (5) separates out in addition to the com- 
pounds of the above-shown formulae (1) arid (4). 



35 



LiOOC-^^ -COO^Ca-OOC--^ -COOLi ( 5 ) 



In case a phosphorus compound is additionally used in this system, it Is supposed that a complicate com- 
pound such as represented by the following formula (6) separates out along with the compounds of the formulae 
(1)-(3): 

40 

O 

P-OCH^CH-^OOC-CVCOOCH-CH«O^P^ "^Ca (6 ) 

/n 2 2 .W 2 2 



45 I-i-O 



in n. 



n = 0 or 1 
m = 0 or 1 

50 There are so many preparation processes for the deposited particles which are usable in this invention, 

and it is hardly possible to describe here all of such processes in detail. The following are some preferred ex- 
amples of such processes. 

(1) In case the polycondensation reaction is carried out by using a lithium compound as ester exchange 
reaction catalyst in an amount of 0.1 to 0.5% by mole based on the overall acid component of polyester, 

55 there can be obtained a polyester containing 0.05 to 0.3% by weight of deposited particles having an aver- 

age particle size of 0.5 to 2 yjpcu 

(2) In this case, when the same reaction is carried out t)y adding phosphoric add in an amount of 0.5 to 
1.5 times the lithium compound by mole after the completion of the ester exchange reaction, there can k>e 
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c 



c 



obtained a polyester containing 0.05 to 0.2% by weight of deposited particies having an average particle 
size of about 0.3 to 1 iim. 

(3) In the process (2). in case a trialkyi ester such as trimethyl phosphate, triethyl phosphate or tributyl 
phosphate is used in place of phosphoric acid, the amount of deposited particles contained in the polyester 

6 beoonnes 0.1 to 0.5% by weight 

(4) In case of carrying out the polycondensation reaction by using a calcium compound as ester exchange 
catalyst in an amount of 0.05 to 0.15% by mole, there can be obtained a polyester containing 0.05 to 0.4% 
by weight of deposited particles having an average particle size of about 1 to 3 (im. 

(5) In this operation, when terephthalic add Is added after the completion of the ester exchange reaction, 
10 the deposited particles have an average particle size of about 0.5 to 2 iim. 

Needless to say. the size and amount of the deposited particles are subject to change according to the 
polymerization conditions, especially temperature and pressure. The above-shown particle size and announts 
are therefore merely illustrative. 

In the present invention, it is prefenred, in any case, that the ina<^ive particles (B) are lower in Mohs hard- 
15 ness than the inactive inorganic particles (A). If necessary, the particles (B) may comprise two or more different 
types of particles. 

The present invention is further characterized by the fact that the intrinsic viscosity of the polyester film 
according to this invention falls within the range of 0.52 to 0.65. Generally, the lower the intrinsic viscosity of 
the film, the better is the cutting quality of the film, but it is to be noted that when the intrinsic viscosity is less 
20 than 0.52. there tends to take place break of the film in its forming process to badly affect the productivity. On 
the other hand, when the intrinsic viscosity exceeds 0.65, there can not be obtained a desired improvement 
of slitting quality. The preferred range of intrinsic viscosity is from 0.54 to 0.62. and more prefenred is 0.54 to 
0.60. 

The inactive inorganic particles (A) used in the present invention are the particles having an average par- 
25 tide size of 0.005 to 1.0 (un. and the content thereof In the film is 0.05 to 5% by weight preferably 0.1 to 2% 
by weight, based on the polyester. The inactive particles (B) used together with the partteies (A) in this invention 
are those particles whose average partide size is greater than that of the partides (A) and in the range of 0.1 
to 3.0 urn. preferably 0.3 to 1.5 ^m, and the content thereof in the film is 0.01 to 2.0% by weight preferably 
0.05 to 1.0% by weight, based on the polyester. 
30 When the average partide size of the partides (A) is greater than 1 .0 |im, the effect of the larger partides 

(partides (B)) becomes unsatisfactory, resulting in poor slipperiness and abrasion resistance. When the aver- 
age partide size of the partides (A) is less than 0.005 )im, the desired improvement of scuffing resistance is 
not provided. Also, when the content of the partides (A) in the film is less than 0.05% by weight there is ot>- 
served no improvement of scuff resistance. When the content exceeds 5% by weight there are produced 
35 coarse protuberances due to agglomeration of particles to cause a deterioration of electro-magnetic conver- 
sion properties of magnetic tapes or an increase of dropout 

On the other hand, when the average partide size of the partides (B) is less than 0.1 ^m, there results a 
deterioration of handling qualities and abrasion resistance of the film and a degradation of running properties 
and wear resistance of the magnetic tapes using the film. When the average partide size exceeds 3 the 
40 film surfaceVoughness becomes higher than necessary to invite a deterioration of electro-magnetic conversion 
properties of magnetic tapes. When the content of the partides (B) Is less than 0.01 % by weight, the handling 
qualities and abrasion resistance of the film are deteriorated as so are running properties and wear resistance 
of magnetic tapes. When the content exceeds 2% by weight the film surface roughness becomes too high or 
there are formed coarse protuberances due to agglomeration of partides, causing a deterioratton of electro- 
ns magnetic properties of magnetic tapes or an increase of dropout 

The particles used in the present invention are preferably subjected to the ordinarily practiced grinding 
treatment dassif ication and filtration to remove coarse partides. For the grinding treatment, there can be 
used, for instance, rod milt ball mill, oscillating rod mill, osdilating ball mill, pan mill, rdler mill, impact mill, 
disc milt stirring grinding mill, fluid energy mill and the like. For dassif ication, semi-free vortex type method, 
50 forced vortex type method, hydrocydone method, centrifugal method, etc. may be used. These methods may 
be used in combination. 

In the present invention, the partides may t>e added into polyester at any tinrte before the start of. during 
or after the polycondensation reaction. Preferably, the partides are added before starting the polycondens^ 
tion reaction or in the early phase of the reaction. For incorporating two or nnore types of partides in the film 
55 according to this invention, each type of partides are added independently into polyester, and the predeter- 
mined amounts of the respective pdyesters containing each type of partides are t)lended when fonming a film, 
or the predetermined amounts of the respective types of partides are added simultaneously into polyester. 

Usually an Sb, Ti. Sn or Si compound is used as polycondensation reaction catalyst 



7 



EP 345 64^ ' " .;. _ _ _ tl§g©-?.PL4P. 



c 



EP 0 345 644 B1 

In the present Invention, when the refractive index (no) of the film in its thickness direction is 1 .492 or great- 
er, the running properties, abrasion resistance and scuff resistance are further improved. For obtaining a film 
having such a refractive index, in the case of successive biaxial stretching, stretching in the machine direction 
is conducted at a temperature of about 105 to HS^'C which is 5 to 3(rc higher than the ordinary stretching 

s temperature, or the biaxially stretched film is subjected to a high degree of relaxation in transverse direction 
before heat treatment. In the present invention, the upper limit of na is preferably around 1.510. 

The effect of the present invention is maximized when the film thickness is 12.0 |im or less, especially 
10.0 ^un or less, and the F-5 value of the film in the machine direction is 12.0 kg/mm^ or above, especially 14 
kg/mm^ or above. Such a film can be obtained by employing, for instance, the following film forming method. 

10 Polyester chips are melt extruded into a sheet fomfi at 270 to 300**C, then cooled to 40 to 70^C and solidified 
to form an amorphous sheet This sheet is biaxially stretched in the machine and transverse directions suc- 
cessively or simultaneously, then restretched 1.05 to 2.0 times in the machine dlre<^ion at 110 to ISO^'C and 
subjected to a heat treatment at 160 to 240''C. In these operattons. it is possible to optionally employ such 
techniques as heat setting before restretching In the machine direction, relaxing in the machine direction after 

15 the machine direction restretching, and a small degree of stretching in the machine direction before or after 
the machine direction restretching. 

It was further found that when the difference (An) between refractive index njo in the transverse direction 
of the film and refractive index nuo in the machine direction is made 0.010 or greater, it is possible to achieve 
a further improvement of scuff resistance and a great improvement of slitting qualities. 

20 This indicates that the polyester molecular chain is oriented rather In the transverse direction than in the 
machine direction. For obtaining such a film, a method is employed in which, for instance, an amorphous un- 
stretched polyethylene terephthalate film is first stretched 3.0 to 4.0 times in the machine direction at about 
90°C, then further stretched in the transverse direction 4.0 to 6.0 times at 90 to 150*'C. and then heat set at 
1 70 to 230°C. In these operations, the value of An is preferably 0.020 or greater, nnore preferably 0.025 or great- 

25 er. A too large value of An, however, leads to a too strong anisotropy, which tends to give adverse effects to 
the film qualities such as heat shrinkage. Therefore, the value of An is preferably not greater than 0.060. 

In case of using the film of this invention as a base film for magnetic tapes, it is preferable to select the 
film forming conditions such that the average refractive index (n) of the film will fall within the range of 1.598 
to 1.604. When n is less than 1.598. the dimensional stability of the film is deteriorated when some heat is 

30 given to the film. When n exceeds 1.604. the film surface becomes frail and the particles contained therein 
fall off to form white powder in the calendering and other steps to cause contamination of the equipments and 
re-deposition of white powder on the tapes to induce dropout The preferred range of n is from 1.600 to 1.603. 

The magnetk: recording media to which the film of this invention can be most effectively applied are the 
tape type ones. The magnetic layer in such recording media can t>e formed either by "coafing" or by "deposh 

35 tion*. 

The magnetic layer coated type magnetic tape can be produced by coating a polyester film with a corr>- 
posltion comprising magnetic powder, binder resin, antistatic agent. at)rasive, lubricant, dispersant plasticizer 
and other additives. The effect of the film of this invention won't be affected by the type of these additives. As 
magnetic powder, for instance, there can be used y^iron oxide, cobalt-dope y-iron oxide, chromium dioxide. Iron. 
40 etc As binder resin, vinyl resins, cellulose resins, urethane resins epoxy resins, phenoxy resins and the like 
may be used either singly or in combination. 

The film of the present invention can be also applied for forming a magnetic layer of smaller thickness by 
utilizing vacuum deposition or plating. In this case, as magnetic material, there can t>e used y-iron oxide, cok>alt- 
dope y-iron oxide, cobalt-nickel, iron-cobalt- nickel, and the like. 
45 The present invention will hereinafter be described in further detail by showing the examples thereof, but 
it should be understood that the invention is not limited to these examples. In the following descriptions of the 
Examples and Comparative Examples, all "parts" are by weight unless otherwise noted. 

The methods used for detenmining the various factors and properties in the following Examples and Com- 
parative Examples are as follows. 



so 



(1) Average particle size 



The sizes of the particles were measured by a microscope, and the particle size (dianneter) of the partkdes 
which show 50% volume fraction calculated in terms of equivalent spheres was designated as average particle 
55 size (diameter). 
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(2) Center line averaged surface roughness (Ra) 

This was determined as follows by using a surface roughness meter SE-3FK made by Kosaka Kenkyusho 
Ltd. The feeler had a radius of 2 fun at Its end, and the load applied was 30 mg. A portion with the stendard 
5 length L (Z5 mm) was sampled from the film surface roughness curve toward its center line, and by taking 
the center line of the sampled portion on X-axis and the direction vertical to the center line on Y-axis and ex- 
pressing the roughness curve y = f(x). The surface roughness (Ra) was determined from the fol towing equation: 

Ra » -i- /J |f(x)|dX {\m) 

The cut-off value was 0.08 \im, 

15 (3) Abrasion resistance 

By using a film running system shown In Fig. 1, the film was let run through a distance of 200 meters, and 
the amount of worn-out white powder adhering to a f bced pin was visually observed and evaluated on the fol- 
lowing criterion. 
20 Rank A: White powder adhered slightly. 

Rank B: A small amount (greater than Rank A) of white powder adhered. 
Rank C: White powder adhered heavily and not practicable. 



26 



(4) Running properties 



The film was contacted with a fixed hard chrome-plated metal roll (6 mm in diameter) at a winding angle 
of 135* (2.356 rad (0)). With a load of 53 g (Tj) applied to an end, the film was let run at a speed of 1 m/min. 
measuring the resisting force (T^, g) at the other end, and the coefficient of frictkm (^d) of the running film 
was determined from the following equatkin: 

^ ..H = i In Jl = n AOA IrtJi 



^,<,=l,„_l= 0.424 in^ 



(5) Scuff resistance 



^ Wear of a metallic pin and that of a plastic pin by frictionat passage thereon of a magnetic tape were eval- 

uated. The magnetic tape used here was produced as follows. 

200 parts of fine magnetic powder, 30 parts of polyurethane resin, 10 parts of nitrocellulose. 10 parts of 
vinyl chlonde-vinyl acetate copolymer. 5 parts of ledthin, 100 parts of cydohsxanone, 100 parts of methyl iso- 
butyl ketone and 300 parts of methyl ethyl ketone were mbced and dispersed In a ball mill for 48 hours, followed 

^ by the^dltk>n of 5 parts of a polylsocyanate compound to prepare a n^agnetlc coating material. This coating 
material was coated on a polyester film. The film was magnetically oriented before the coating material was 
sufficiently dried and solidified. Then the coat was dried to form a 2 pin thick magnetic layer. This coated film 
was subjected to a surface treatment by a supercalender and then slit into a 1/2 inch (1.27 cm) width to form 
a video tape. 

The thus obtained magnetic tape was passed round a hard chronne-plated metallic pin (diameter = 6 mm, 
surface roughness = 3 S) so that the base film side would contact with the pin at a winding angle of ^3S^ and 
a tension of 50 g, and the tape was let run at a speed of 4 m/sec 

Then aluminum was deposited on base film skle of the magnetk^ tape, and the degree of scuff was visually 
judged. The abrasion by the passage of the magnetic tape was evaluated according to the fdtowlng 5-rank 
system: 

The film suffered many scuffs, some of them being deep. 
The film suffered a relatively large number of scuffe. soma of them being deep. 
The number of the scuffs on the film was relatively small, and there were few deep ones. 
A few scuffs were seen, but no problem in practical use. 
The film was almost free of scuff. 
Separately, the base film side of the nnagnetic tape was placed In contact with a 6 mnvdiameter nylon pin 
which had been subjected to a smoothing treatment, and the tape was let run In f rictlonal contact with the pin 



so 

Rank 1 
Rank 2 
Rank 3 
Rank 4 
« Rank 5 



9 



C 



c 



EP 0 345 644 B1 

at a speed of 4 m/sec. The degree of abrasion of the pin and the formation of white powder were examined 
after tape run of 2,000 nneters, and the abrasion characteristics of the magnetic tape on the plastic pin was 
evaluated according to the following 5-rank system: 

Rank 1 : A great many streaks were formed on the pin. and also white powder was seen heavily deposited 
5 on the pin. 

Rank 2: Afairly large number of streaks were observed on the pin. and also white powder deposition was 
relatively thick. 

Rank 3: Shallow streaks were seen, but white powder was smalt in amount 
Rank 4: A few shallow streaks were seen, but white powder was slight in amount 
10 Rank 5: The pin was almost free of streaks, and also none or only a trace of white powder was seen. 

(6) Scuff resistance of magnetic layer 

A magnetic tape produced in a similar manner as in (5) was wound at a speed of 20nVsec and a tension 
15 of 100g in a length of 8.000m. Then, the tape was rewound and the degree of scuff on magnetic layer was 

visually observed. The evaluation was made according to the following 5-rank system.: 

Rank 1: Many scuffs, some of them being deep. 

Rank 2: Relatively large number of scuffs, some of them being deep. 

Rank 3: Relatively small number of scuffs, and few deep scuff. 
20 Rank 4: A few scuffs, but no problem In practical use. 

Rank 5: Substantially no scuff. 

(7) F-5 

25 The stress [(kg/mm^)] at 5% elongation was measured by using an Instron tension tester. 

From a biaxially stretched film, there were cut out 5 sample pieces each measuring 150 mm In longitudinal 
length and 6.25 mm in transverse length, and each sample piece was subjected to a tensile test at a tensile 
speed of 50 mnVmin, with both chack interval and gage interval set at 50 mm. 

The load at 5% elongation was read from the obtained S-S curve, and the F-5 value was calculated from 
zo the following equatton. The average of measurements on 5 samples was employed. 

p g « load (kg) at 5% elongation 

sectional area (mm^ of test piece 

(8) Refractive index of film 

35 

Measured by using an Abbe's refractometer mfd. by Atago Kogaku Co.. Ltd.. by using a sodium 0 line at 
23^C. Assuming that the refractive indices In the transverse direction, machine direction and thickness direc- 
tion of the film are nro. ^ux> na. respectively, then An and n are calculated from the following equations: 

An = njo - HMD (1) 
40 n = (njo + HMD + na)/3 (2) 

(9) Intrinsic viscosity 

1 g of polymer was dissolved In 100 ml of a 50/50 (by weight) mbcture of phenol and tetrachloroethane, 
45 and the intrinsic viscosity of the solution was measured at 30*^0. 

(10) Electromagnetic properties 

The electromagnetic properties of a magnetic tape obtained according to the method described In (5) 
50 above were determined by using a video deck Model NV-370Q mfd. by Matsushita Electric Co., Ltd. 

VTR head output 

The VTR head output at a measuring frequency of 4MHz was determined by a synchroscope. Blank was 
59 supposed to be 0 dB, and Its retathre value was shown In dB. 
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Dropout count 

A video tape on which 4.4 MHz signals had been recorded was played back, and the number of dropouts 
was counted for a period of 20 minutes by a dropout counter nrtade by Ohkura industries Co.. Ltd. The counted 
5 number was converted to the dropout count per minute. 

(11) Slitting quality 

The state of the slit section of a broad coated magnetic tape when slit into a 1.27 cm (1/2 inch)width was 
10 observed by an electron microscope and evaluated on the following three-rank (A. B and C) system: 
A: There was seen no streak-like burr at the slit section nor formation of cuttings. 
C: Streak-like burr was seen all over the slit section, and there was also observed formation of cuttings. 
B: Intermediate between A and C. 

is Reference Example 1: 

Production of polyester film 

100 parts of dimethyl terephthalate. 60 parts of ethylene glycol and 0.09 part of magnesium acetate tet- 
rahydrate were heated in a reactor to evaporate away methanol and carry out an ester exchange reaction. The 
20 mixture was heated to over a period of 4 hours to substantially complete the ester exchange reaction. 
To the reaction mixture, were added 0.5% of ground, classified and filtered AI2O3 particles having an average 
size of 0.02 ^m. followed by further addition of 0.04 part of ethyl add phosphate and 0.04 part of antimony 
trioxide to canry out a polycondensatton reaction for 4 hours to obtain a polyester (I) having an intrinsic viscosity 
of 0.61. 

25 Separately from the above operations, there were similarly canied out an ester exchange reaction and a 
polycondensation reaction by adding 1 .0% of Si02 with an average size of 0.7 ^m in place of the AI2O3 to obtain 
a polyester (II) having an instrinsic viscosity of 0.60. 

Then 80 parts of polyester (I) and 20 parts of polyester (II) were uniformly blended and after dried at 1 80°C. 
the mixture was extruded into a sheet at 290''C and then cooled by an electrostatic charge cooling method to 
30 obtain an amorphous film having a thickness of 200 pjm. 

The amorphous film was stretched 3.5 times in the machine direction at 11 OX, further stretched 3.5 times 
in the transverse directk>n at 11 O^C, then heat treated at 22(yC for 3 seconds and then cooled to obtain a biax- 
ially stetched polyester film having a thickness of 15 lon. 

35 Production of magnetic tape 

On the biaxially stretched polyester film, was formed a magnetic layer and its slitting qualities and elec- 
tromagnetic properties were determined. The results are shown in Table 1. 

40 Reference Example 2: 

A polyester film and a magnetic tape were produced in the same way as in Reference Example 1 except 
that the type and size of the particles contained in polyester (II) were changed, that the both polyesters (I) and 
(II) were blended so that the content of each particle would be as shown in Table 1, and that the stretching 
45 conditions were changed so that the refractive index in the thickness directbn of the films would have the val- 
ues shown in Table 1. 

The results are shown in Table 1. 



50 



Comparative Examples 1 - 4: 



Polyester films were obtained by changing the type of particles added to polyester (I) and polyester (II). 
intrinsic viscosity of the polyesters and film stretching conditions. The properties of the obtained pdyesterf ilms 
and the properties of the magnetic tapes made therefrom are shown in Tat>le 1. 

The films of Reference Examples 1 and 2. showed excellent running properties and abrasion resistance. 
5S Also, the magnetk: tapes made by using these filnns caused no fall-off of cuttings when they were slit to a de- 
sired width. They also showed excellent scuff resistance in running at high speed. 

On the other hand, in the case of Comparative Example 1 in which Mohs hardness of the particles used 
was outside the range specified in the present inventk>n. the produced magnetic tape was poor in scuff resis- 

11 



IP 345 544 



Page i^ot25 



EP 0 345 644 B1 

tance. 

In Comparative Example 2 In which intrinsic viscosity of the film was beyond the upper limit of the range 
specified in the present invention, the obtained magnetic tape was poor in slitting qualities and» when slit, it 
formed cuttings and also caused ^U-off of powder from the magnetic layer, resulting In an increased number 
5 of dropouts in the tape. 

In the case of Comparative Examples 3 and 4 which didn't met the requirements of the present invention 
in Mohs hardness of the particles and in use of the particles (only one type of particles were used in these 
comparative examples) and in which refractive index in thickness direction of the film was below the specified 
range of the present invention, the obtained magnetic tapes were poor in scuff resistance, caused fall-off of 
10 abrasion powder and were readily subjected to scuffing. 
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Reference Example 3: 



1 00 parts of dimethyl terephthalate. 70 parts of ethylene glycol. 0. 1 0 part of calcium acetate monohydrate 
and 0. 18 part of lithium acetate dihydrate were mixed and heated in a reactor to evaporate away methanol and 
5 canry out an ester exchange reaction. The mixture was heated to 230^C over a period of about 4 hours to sub- 
stantially complete the ester exchange reaction. 

To the reaction mixture, were added 0.31 part of triethyl phosphate and 0.04 part of antimony trioxide. 
followed by polymerization of the mixture in the usual way for 4 hours to obtain polyethylene terephthalate hav- 
ing an intrinsic viscosity of 0.66 (polyester (III)}, 
to A large number of uniform and fine deposited particles (0.8 ^m in diameter) separated out in the polyester. 

The amount of these particles as measured by the usual method was 0.37% by weight based on the polyester. 

Separately from the above operations, 1 00 parts of dimethyl terephthalate, 70 parts of ethylene glycol and 
0.09 part of magnesium acetate tetrahydrate were mbced and heated In a reactor to evaporate away methanol 
and carry out an ester exchange reaction. The mixture was heated to 230<'C over a period of about 4 hours to 
15 complete the ester exchange reaction. 

To the reaction mixture, was added 1.0 part of aluminum oxide having an average partide size of 0.02 
urn, which had been obtained by a pyrolytic method, followed by further addition of 0.04 parts of triethyl phos- 
phate and 0.04 parts of antimony trioxide. and the mbcture was subjected to a polycondensation reaction by 
a conventional method to obtain polyethylene terephthalate having an intrinsic viscosity of 0.86 (polyester (IV)}. 
20 Aluminum oxide was uniformly dispersed In the polyester, and substantially no agglomerate of particles 

was seen. 

Then polyester (III) and polyester (IV) were mixed in a weight ratio of 70 : 30 and, after dried, extruded 
into a sheet at 290*'C from an extruder to obtain an amorphous sheet: In this operation, there was employed 
a so-called electrostatic charge cooling method in which the sheet is electrostatically charged. The sheet was 
25 then stretched 3.5 times in the machine direction and 3.4 times in the transverse direction and heat treated 
at 225^0 to obtain a blaxially stretched film having a thickness of 15 ^m. 

On this polyester film, was formed a magnetic layer to form a magnetic tape and its scuff resistance and 
electromagnetic properties were evaluated. 

30 Reference Example 4: 

A polyethylene terephthalate film and a magnetic tape using the film were obtained in the same way as 
in Reference Example 3 except that the amount (content) of the particles which separated out in the polyester, 
average size of the particles added and their amount blended were changed as shown in Table 2. 



Reference Example 5: 



A polyester containing deposited particles having an average size of 0.5 fun was obtained in the same way 
as In Reference Example 3 except that 0.26 parts of triethyl phosphate and 0.05 parts of acid ethyl phosphate 
40 were used in place of 0.31 parts of triethyl phosphate used in the production of polyester (111) in Reference 
Example 3. By mixing the polyester and a polyester containing aluminum oxide partides. there was obtained 
a polyethylene terephthalate film containing the particles shown in Tattle 2. Amagnetic tape was made by using 
the film and its properties were evaluated similarly to Reference Example 3. 

45 Comparative Examples 5-8 : 

Biaxially oriented f iln^ having a thickness of 1 5 jun were obtained by following the process of Reference 
Example 1 except that the particles contained in the polyethylene terephthalate film were changed as shown 
in Table 2. Also, magnetic tapes were made by using the biaxially oriented films, and the properties of the f ilnns 
50 and nnaghetic tapes were evaluated. 

The results of evaluation are shown collectively in Table 2. 
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The films of Reference Examples 3-5 were all excellent in slipperiness and abrasion resistance. Also, 
the magnetic tapes made by using these f ilnrts were excellent In scuff resistance, which assures a highly sat- 
isfactory level of electromagnetic properties of the magnetic tapes. 

On the other hand, in Comparative Example 5 where the film was formed by using deposited particles 
5 alone without using the additive particles specified in the present invention, the magnetic tape made by using 
such a film was poor in scuff resistance and accordingly unsatisfactory in electromagnetic properties. 

In the case of Comparative Example 6 in which calcium carbonate particles with a Mohs hardness of 3 
were used as additive particles, the obtained magnetic tape was not improved at all in scuff reisistance and 
poor in properties. 

10 In Comparative Example 7, the additive particles used jointly with deposited particles were those having 

a Mohs hardness above 6 but laigerthan 1 fun in average size. The film obtained in this example had a too 
high surface roughness and also the particles added would come off to give adverse effect to the magnetic 
tape properties. 

(n Comparative Example 8 where the fine particles of aluminum oxide alone were used, the obtained film 
15 was very poor in slipperiness and also liable to produce a large amount of abrasion dust, worsening the elec- 
tromagnetic properties of the magnetic tape made by using such a film. 

Reference Example 6: 

20 A homogeneous solution consisting of 100 parts of methyl methacrylate. 25 parts of divinyl benzene, 22 

parts of ethyl vinylbenzene, 1 part of benzoyl peroxide and 1 00 parts of toluene was dispersed in 700 parts of 
water, and the dispersion was heated while stirring at SO^C In a nitrogen atmosphere for 6 hours to efled poly- 
merization. 

The powder of the thus obtained crosslinked polymer having ester groups was about 0.1 mm in average 
2s particle size. The produced polymer was washed with demineralized water and then extracted twice with 500 
parts of toluene to remove the unreacted monomers as welt as linear pdynfier which were presentin small quan- 
tities. 

The polymer powder was then ground by an attritor for 2 hours and then by a sand grinder for 3 hours to 
obtain a fine crosslinked polymer powder having an average partide size of 1.0 \vm, 
30 Thereafter, 100 parts of dimethyl terephthalate. 70 parts of ethylene glycol and 0.09 part of calcium acetate 

monohydrate were mixed and heated in a reactor to carry out an ester exchange reaction. The reaction tem- 
perature was so controlled that it would t>e ISS^'C at the start of the reactk>n, 200''C after 2 hours and 230*'C 
after additional 2 hours. 

After the ester exchange reaction has been substantially completed 4 hours later, 0.036 part of phosphoric 
35 acid and 0.40 part of the previously obtained crosslinked polymer powder having an average particle size of 
1 .0 |im were added to the reaction mixture, followed by further addition of 0.03 part of antimony trioxide as 
polymerization catalyst to can*y out polymerization in an ordinary way. That is, temperature was gradually 
raised from 230''C till reaching 280''C, while pressure was gradually reduced from normal pressure till reaching 
finally 66.7 Pa (0.5 mmHg). 4 hours later, the polymer was discharged out and made into chips (polyester (V)). 
<o The above-described polyester preparation operations were again carried out except that 0.8 part of alu- 
minium oxide with an average partide size of 0.02 fUD, obtained by a pyrofytic method, was used in place of 
the crosslinked polymer having an average partide size of 1 .0 (im to obtain pdyethylene terephthalate (poly- 
ester (Vl))- 

It was observed that aluminium oxide was very uniformly dispersed in the polyester, and substantially no 
45 agglomerate of partides was seen. 

Then polyester (V) and polyester (VI) were mixed in a weight ratk) of 50 : 50 and the mixture, after dried, 
was extruded into a sheet at 290''C from an extruder to obtain an amorphous sheet In this operation, there 
was employed a so-called eledrostat» charge cooling method in which the sheet ts electrostatically charged. 
The obtained sheet was stretched 3.5 times In the machine direction and 3.4 times in the transverse direction 
so and then subjected to a heat treatment at 225''C to obtain a 15 }im thk:k biaxlally stretched film. 

A magnetic layer was fomed by coating on the surface of the film to make a magnetic tape and Us scuff 
res'stance and electromagnetic properties were evaluated. 



6S 



Comparative Example 9 : 

100 parts of dimethyl terephthalate. 70 parts of ethylene glycol, 0.10 part of caldum acetate monohydrate 
and 0.18 part of lithium acetate dihydrate were supplied Into a reactor and heated to evaporate away methanol 
and carry out an ester exchange readion. The mixture was heated to 230^C over a period of 4 hours to sut>- 
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stantialiy complete the ester exchange reaction. 

To the reaction mixture, was added 0.31 part of triethyl phosphate, followed by further addition of 0.04 
part of antimony trioxide, and the mixture was polymerized according to a conventional method for 4 hours to 
obtain a polyethylene terephthalate having an intrinsic viscosity of 0.66. 

In the polyester, were seen a large numt>er of uniform and fine particles which have separated ouL These 
particles had a size of 0.80 ^m and the amount thereof was 0.37% by weight based on the polyester. 

By using the polyester, there was produced a 15 ^m thick biaxiaily oriented film in the same way as in 
Reference Example 6. Also, a magnetic tape was made by using the polyester film and its properties were 
evaluated. 

Reference Examples 7 and Comparative Examples 10-12 : 

15 ^m thick biaxiaily stretched films were produced in the same way as in Reference Example 6 except 
that the partides to be contained in the polyester film were changed as shown in Table 3. Also, magnetic tapes 
were made by using said polyester films in the same way as in Reference Example 6. 

The results of evaluation of the properties of said polyester films and magnetic tapes are shown collectively 
in Table 3. 
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The films of Reference Examplea 6 and 7 were all excellent in slipperiness and abrasion resistance. Also, 
the magnetic tapes made by using these films showed excellent scuff resistance and their electromagnetic 
properties were at a highly satisfactory level. 

On the other hand. In the case of Comparative Example 9 where deposited particles alone were used, the 
5 obtained magnetic tape was poor in scuff resistance and therefore unsatisfactory in electromagnetic proper- 
ties. 

In the case of Comparative Example 10 where the calcium carbonate particles with a Mohs hardness of 
3 alone were used and Comparative Example 11 which was the same as Example 9 except for use of calcium 
carbonate in place of aluminium oxide, the obtained magnetic tapes were unsatisfactory In scuff resistance, 
10 had nnany scuff marks on the film surface and were poor in electromagnetic properties. 

In Comparative Example 12 where the aluminium oxide particles alone were used in a small amount, film 
slipperiness was very t>ad and also abrasion dust was produced in large quantities to adversely affect the eleo* 
tromagnetic properties of the nr^ignetic tape. 

15 Comparative Example 13: 

100 parts of dimethyl terephthalate, 70 parts of ethylene glycol and 0.09 part of nnagnesium acetate tet- 
rahydrate were heated in a rezdar to evaporate away methanol and carry out an ester exchange reaction. The 
mixture was heated to 230^0 over a period of 4 hours to substantially complete the ester exchange reaction. 

To the reaction mixture, was added 0.50 part of titanium dioxide having an average particle size of 0.35 
^un. followed by further addition of 0.05 part of triethyl phosphate and 0.04 part of antimony trtoxide to canry 
out a polycondensation reaction in the usual way, obtaining polyethylene terephthalate having an intrinsic vis- 
cosity of 0.65. Titanium dioxide was dispersed very uniformly in the polyester, and substantially no agglomerate 
of particles was observed. 

This polyester was dried and extruded into a sheet from an extruder at 290*'C to obtain a 1 50 ^m thick 
amorphous sheet An electrostatic charge cooling method was used in this sheet forming operation. TTiis amor- 
phous sheet was stretched 3.8 times in the machine direction and 3.6 times in the transverse direction and 
then again stretched 1.07 times in the machine direction to obtain a 9.8 i^m thick biaxially stretched film 
strengthened in the machine direction. On this film, was formed a magnetic layer to make a magnetic tape. 

Reference Example 8 : 

A biaxially stretched polyester f i Im having a thickness of 9.8 jim was produced in the same way as in Com- 
parative Example 13 except that the particles contained in the polyester film were changed as shown in Table 
35 4. Also, a magnetic tape was made by using the film in the same way as in Comparative Example 13. 
The results of evaluation of said film and magnetic tape are shown in Table 4. 
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Example 1 : 

100 parts of dimethyl terephthalate, 70 parts of ethylene glycol and 0.20 part of magnesium acetate tet- 
rahydrate were heated in a reactor to carry out an ester exchange reaction. 4 hours later, when the ester ex- 

6 change reaction was sut)stantially completed, 0.6 part of Mype aluminum oxide having an average particle 
size of 0.03 ^m obtained from pyrolysis of aluminum trichloride was added to the reaction system, followed by 
further addition of 0.06 part of ethyl acid phosphate and 0,04 part of antimony trioxide, and the mixture was 
subjected to a potymerization reaction in the usual way for 5 hours to obtain a polyester having an intrinsic 
viscosity of 0.63 (polyester (VII)). 

10 Separately from the above, there were carried out the same operations as described above except for use 

of 0.6 part of calcium carbonate having an average partide size of 0.6 in place of alimlnium oxide to obtain 
polyethylene terephthalate haying an intrinsic visoosity of 0.63 (polyester (ViN}). 

Then polyester (VII) and polyester (VIII) were mixed in a weight ratio of 50 : 50. and the mbcture was dried 
and extruded into a sheet from an extaider at 290'C to obtain an amorphous sheot This sheet was stretched 

15 3.5 times in the machine dxirection at SO'C and 4.3 times in the transvese direction at 110*'C and then heat 
treated at 210^0 for 3 seconds to obtain a blaxially stretched film having a thickness of 15 pm. 
A magnetic layer was formed on the film to make a magnetic tape. 

The properties of the film and magnetic tape are shown in Table 5 along with those of other Examples 
descrit>ed below. 
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Example 2: 



A polyester was produced in the same way as Examples 1 except that 8-type aluminum oxide having an 
average partide size of 0.1 >im obtained by heating boehmite in the air at 900 to I.OOO^'C was used in place 
25 of S-type aluminum oxide with an average partide size of 0.02 fun obtained from pyrolysis of aluminum tri- 
chloride. 

Af ilm was produced from the polyester in the same way as in Example 1 and its properties were evaluated. 



Example 3: 

A film was obtained in the same way as in Example 1 except that y-type aluminum oxide with an average 
partide size of 0.02 \xm obtained by heating ammonium aluminum carbonate hydroxide and caldum carbonate 
with an average partide size of 0.8 ^m were mixed so that their content in the film would be as shown in Table 
5. 

Example 4: 

A film was obtained in the same way as in Example 1 except that the average particle size and content of 
y-type aluminum oxide were changed as shown in Table 5. 
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Claims 

1 . A polyester film for magnetic recording media, containing 0.05 to 5 % by weight of 6-type aluminum oxide 
particles or retype aluminum oxide particles (A) having a Mohs hardness of 6 or at>ove and an average 
partide size of 0.005 to 1.0 nxn and 0.01 to 2.0 % by weight of particles (B) inactive to polyester having 
an average particle size which is greater than that of said particles (A) and in the range of 0.1 to 3.0 ^m. 
the polyester film having an intrinsic viscosity in the range of 0.52 to 0.65, as measured in a 50/50 (t>y 
weight) mixture of phenol and tetrachloroethane at 30*C. 

2. The polyester film according to daim 1 , wherein the inacth/e partides (B) are partldes of a heat-resistance 
polymer. 

3. The polyester film according to daim 1, wherein the inactive partldes (B) are deposited partides which 
separate out in the course of the polyester produdng process. 

4. The pdyester f tim according to any of claims 1 to 3. wherein the refractive index of the films in its thickness 
direction is T.492 or above. 

' 5. The polyester film according to any of dalms 1 to 3, wherein the thickness of the film Is 12.0 ^ or less 
and the F-5 value of the film In the machine direction Is 117.6 Wmrxi^ (12.0 kg/mm?) or greater. 

6. The polyester film according to any of daims 1 to 3. wherein the double-refractive index An of the film 
defined by the following formula (1): 

An = nro - Hmd (1) 

wherein nyo is the refractive index of the film in the transverse direction, and nuo is the refractive index 
of the film in the machine direction, is 0.010 or above. 



Paten tan sprOche 

1. Pdyesterfdle fOr magnetlsche Aufzeichnungsmedlen. enthaitend 0,05 bis 5 Gew.-% Aluminlumoxidteil- 
chen vom 6-Typ oder Aluminiumoxldteilchen vom Y-Typ (A) mit einer Mohs-Hdrte von 6 Oder mehr und 
einerdurchschnittlichenTellchengr5llevon0,005 bis 1.0 (xm und 0,01 bl5 2,0Gew.-%Teilchen(B),welche 
gegenat>er Polyester inaktiv sind und eine durchschnittliche TeilchengrdUe besltzen, welche grot^er als 
die der Teilchen (A) ist und im Berelch 0,1 bis 3.0 \m\ liegt. wobel die Polyesterfolle eIne In einer 50/50 
(bezogen auf Gewicht)-Mischung aus Phenol und Tetrachlorethan bel 30*^^ gemessens GrenzviskosttSt 
im Berelch von 0,52 bis 0,65 aufweist. 

2. Pdyesterfolie nach Anspruch 1 , wobei die inaktiven Teilchen (B> Teilchen aus einem wamiebestandigen 
Polymer sind. 

3. Pdyesterfdle nach Anspruch 1, wobei die inaktiven Teilchen (B) abgeschiedene Teilchen sind, welche 
sich im Verlauf des Pdyester hers tell ungsverfahrens ausscheiden. 

4. Pdyesterfdle nach mindestens einem der Anspruche 1 bis 3. wobei der Brechungsindex der Fdie in ihrer 
DIckenrichtung 1 .492 oder mehr betrggt. 

5. Pdyesterfdle nach mindestens einem der Anspruche 1 bis 3. wot>ei die Dicke der Folie 12,0 ^m oder we* 
niger betragt und der F-5-Wert der Folie in der Maschinenrichtung 117,6 N/mnrt^ (12,0 kg/mm^ Oder mehr 
betragt 

6. Polyesterfdie nach mindestens einem der Anspruche 1 bis 3. wobei der Doppelbrechungsindex An der 
Folie, wie durch die folgende Formel (1) definiert, 0,010 oder mehr betrSgt: 

An = nn> " Hmq (1) 

worin nro der Brechungsindex der Fdie in der Quenrichtung und nMo der Brechungsindex der Fdie in der 
Maschinenrichtung bedeuten. 
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Revindications 

1. Film polyester pour milieux d*enregistrement magn6tique, contenant 0,05 d 5 % en polds de particules 
d'oxyde d*alumtnium de type 6 ou de particules d'oxyde d*aluminium de type y (A) ayant une duretd Mohs 
de 6 ou plus et une granulom^trie moyenne de 0,005 d 1,0 et 0,01 d 2,0 % en poids de particules (B) 
inactfves envers le polyester ayant une granulom^trie moyenne qui est sup^rieure d oelie desdites par- 
ticules (A) et s'inscnt dans Tintervalle de 0,1 d 3.0 ^m, le film polyester ayant une viscosity intrinsdque 
comprise dans rintervaile de 0,52 ^ 0,65, 

mesur^s dans un melange k 50/50 (en poids) de ph6noi et t6trachlor6tiiane & 30^*0. 

2. Film polyester selon la revendicatlon 1 , dans lequel les particules inactives (B) sont des particules d'un 
polymere thermor^sistant 

3. Film polyester selon la levendication 1 , dans lequel les particules inactives (B) sont des particules d6po- 
s^es qui se s^parent au cours.du proc6d^ de production du polyester. 

4. Film polyester selon Tune quelconque des revendications 1 d 3, dans lequel Tindice de refraction du film, 
dans la direction de son dpaisseur. est de 1,492 ou plus. 

5. Film polyester selon Tune quelconque des revendications 1^3, dans lequel T^palsseur du film est de 
12,0 ixm ou moins et Tindice F-5 du film dans la direction machine est de 117,6 N/mm^ (12,0 leg/mm^) ou 
plus. 

6. Film polyester selon Tune quelconque des revendications 1 d 3, dans lequel Tlndice de double refraction 
An du film d^fini par la formula (1} suivante : 

An = noT ' noM (1) 

ou n^T est rindice de refraction du film dans la direction transversals et nou est Tindice de refraction du 
film dans la direction machine, est de 0.010 ou plus. 
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